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DEVICE AND METHOD TO SLOW OR STOP 
THE HEART TEMPORARLY 

This application is a continuation-in-part of our 
co-pending application U.S. patent app. Ser. No. 09/057,060 
filed Apr. 8, 1998. 

FIELD OF THE INVENTION 

The inventions described below relate to the field of 
cardiovascular Surgery, including Systems and methods for 
temporarily introducing a conduction block between the 
atria and Ventricles in a mammalian heart for the purpose of 
fine control over cardiac contraction. This would allow 
Surgeons to temporarily Stop the heart, and/or alter the heart 
rate to reduce the motion associated with cardiac contrac 
tion. This provides Substantial advantage to delicate Surgical 
techniques that are performed on the heart. 

BACKGROUND OF THE INVENTION 

Atrial fibrillation is a form of heart disease that afflicts 
millions of people. It is a condition in which the normal 
contraction of the heart is interrupted, primarily by abnormal 
and uncontrolled action of the atria of the heart. The heart 
has four chambers: the right atrium, right Ventricle, the left 
Ventricle, and the left atrium. The right atrium pumps 
de-oxygenated blood from the Vena cava to the right 
Ventricle, which pumps the blood to the lungs, necessary for 
return flow of de-oxygenated blood from the body. The right 
atrium contracts to Squeeze blood into the right ventricle, 
and expands to Suck blood from the Vena cava. The con 
tractions normally occur in a controlled Sequence with the 
contractions of the other chambers of the heart. When the 
right atrium fails to contract, contracts out of Sequence, or 
contracts ineffectively, blood flow within the heart is dis 
rupted. The disruption of the normal rhythm of contraction 
is referred to as an arrhythmia. The arrhythmia known as 
atrial fibrillation can cause weakness due to reduced ven 
tricular filling and reduced cardiac output, Stroke due to clot 
formation in a poorly contracting atria (which may lead to 
brain damage and death), and even other life threatening 
Ventricular arrhythmias. 

Atrial defibrillator is a therapy being developed for atrial 
fibrillation. Atrial defibrillators are typically implantable 
electrical therapy devices which deliver defibrillating energy 
to the atrium to terminate arrhythmias. They sense the 
electrical activity of the atrium and deliver an electrical 
Shock to the atrium when the electrical activity indicates that 
the atrium is in fibrillation. Electrical defibrillation has two 
major problems: the therapy causes Substantial pain and has 
the potential to initiate a life threatening ventricular arrhyth 
mia. The pain associated with the electrical Shock is Severe 
and unacceptable for many patients. Unlike electrical ven 
tricular defibrillators where the patient loses consciousness 
prior to receiving therapy, the patient who Suffers an atrial 
arrhythmia is conscious and alert when the device delivers 
electrical therapy. 

The potential exists for inappropriate induction of ven 
tricular fibrillation by the shock intended to defibrillate the 
atrium. The induction of ventricular fibrillation has great 
potential to result in death in just a few minutes if no 
intervening therapy is provided. Careful algorithms to 
deliver Shocks to the periods in the Ventricular contraction 
cycle when the heart is not Susceptible to shock induced 
ventricular fibrillation have been developed to reduce the 
potential of this risk. If the problem of patient pain can be 
overcome, atrial defibrillators could be used in a large 
portion of the patient population that Suffer from atrial 
fibrillation. 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
Pharmacological Atrial Defibrillators 

For Some time, doctors have treated atrial fibrillation with 
drugs injected intravenously or administered orally. Recent 
literature describes the potential for the delivery of drugs to 
the heart on demand to terminate arrhythmias. The concept 
has been Suggested for use in the atrium to treat atrial 
fibrillation. Arzbaecher, Pharmacologic Atrial Defibrillator 
and Method, U.S. Pat. No. 5,527,344 (Jun. 18, 1996) 
describes a pharmacological atrial defibrillator and method 
for automatically delivering a defibrillating drug into the 
bloodstream of a patient upon detection of atrial arrhythmias 
in order to terminate the atrial arrhythmias. Arzbaecher 
teaches that unspecified defibrillating drugs should be 
injected into the bloodstream with a large initial dose 
followed by delivery of a continuous smaller dose (this is the 
“two-compartment pharmacokinetic model” discussed in the 
Arzbaecher patent). By delivering agents to a blood vessel 
and maintaining a therapeutic level of drugs in the blood 
Stream, Arzbaecher requires Systemic effects to be achieved 
in order to terminate atrial arrhythmias. In other words, if 
drugs injected according to Arzbaecher are to have any 
effective concentrations within the heart, a large amount 
must be injected in the blood Stream to ensure that an 
adequate dose will be delivered to the affected area of the 
heart. While the drugs are in the blood stream, they are 
available throughout the body to cause Side effects on all 
other organs. 

There are Several disadvantages to the transient introduc 
tion of Systemic drug levels by an implantable device. 
Systemic effects resulting from Such delivery may result in 
detrimental effects to Ventricular cardiac conduction. These 
detrimental effects could be life threatening. The large 
amount of drugs required for Systemic delivery of therapeu 
tic doses demands a larger, leSS comfortable device than 
Smaller dosages would allow. The large quantity of drug in 
the implantable reservoir of Such a System is potentially 
more dangerous if it develops a leak or is ruptured. Such a 
large Single dosage will require a reservoir that requires 
frequent follow ups for refilling post therapy by a clinician. 
Lastly, the large quantities of drug required to obtain thera 
peutic levels in the entire body may cost Substantially more 
than that required to treat a specific Site within the heart. The 
System described by Arzbaecher has one primary advantage 
over electrical atrial defibrillation: the delivery of therapy to 
terminate an arrhythmia does not cause patient pain, and 
Some recent abstracts have appeared in the literature which 
Suggest that this technique is viable. See Arzbaecher, et al., 
Development Of An Automatic Implanted Drug Infusion 
System For The Management Of Cardiac Arrhythmias, 76 
IEEE Proc. 1204 (1991); Bloem, et al., Use Of Micropro 
cessor Based Pacemaker To Control An Implantable Drug 
Delivery System, Computers in Cardiology 1 (1993); 
Bloem, et al., Microprocessor Based Automatic Drug Infu 
sion System For Treatment Of Paroxysmal Atrial 
Fibrillation, 26SJ. Electrocardiogr. 60 (1993); and Wood, et 
al., Feedback control of antiarrhythmic agents, in Molecular 
Interventions and Local Drug Delivery, (W B Saunders 
1995). 
Drug delivery directly into the heart has been proposed 

for other conditions. In my own prior patent, Altman, 
Implantable Device for the Effective Elimination of Cardiac 
Arrythmogenic Sites, U.S. Pat. No. 5,551,427 (Sep. 3, 1996) 
I describe an implantable Substrate for local drug delivery at 
a depth within the heart. The patent shows an implantable 
helically coiled injection needle which can be Screwed into 
the heart wall in the Ventricles and connected to an 
implanted drug reservoir outside the heart. This System 
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allows injection of drugs directly into the wall of the heart 
by merely the injection of drugs through the skin into the 
reservoir. The patent also shows a helical coil coated with a 
coating which releases drug into the myocardium. This drug 
delivery may be performed by a number of techniques, 
among them infusion through a fluid pathway, and delivery 
from controlled release matrices at a depth within the heart. 
Co-pending application Ser. No. 08/881,685 by Altman and 
Altman, describes Some additional techniques for delivering 
local pharmacological agents to the heart. 

Other implanted drug delivery Systems have been pro 
posed. Levy, System for Controlled Release of Antiarrhyth 
mic Agents, U.S. Pat. No. 5,387,419 (Feb. 7, 1995), 
describes the placement of controlled release matrices on the 
surface of the epicardium (on the outside of the heart) for 
delivery of antiarrhythmic agents, but all dosage forms 
described are for Steady State drug delivery and do not 
address the advantages of transient drug delivery from an 
implantable epicardial Structure. In addition, the device 
described by Levy does not address the critical issue of 
Surgical access to the epicardial Surface. 

Controlled release matrices are drug polymer composites 
in which a pharmacological agent is dispersed throughout a 
pharmacologically inert polymer Substrate. Sustained drug 
release takes place via particle dissolution and slowed 
diffusion through the pores of the base polymer. Prior work 
has shown that antiarrhythmic therapy administered by 
epicardial application of controlled release polymer matrices 
is effective in treating and preventing Ventricular arrhyth 
mias in canine ventricular tachycardia model Systems 
Siden, et al., Epicardial Controlled Release Verapimil Pre 
vents Ventricular Tachycardia Episodes Induced by Acute 
Ischemia in a Canine Model, 19 J. Cardiovascular Pharma 
cology 798 (1992). This work shows the viability of con 
trolled release therapy delivered locally for the treatment of 
arrhythmias. This work is identical to that described by Levy 
above in that drug delivery Structures are placed on the 
outside Surface of the heart during open heart Surgery. No 
delivery at a depth within the heart is described, there is no 
discussion of how one would implant the Structure non 
invasively, and there is no discussion of how one would 
deliver drugs upon demand to the heart. 
Cardiac Pacing 

In the past, devices implanted into the heart have been 
treated with anti-inflammatory drugs to limit the inflamma 
tion of the heart caused by the wound incurred while 
implanting the device itself. For example, pacing leads have 
incorporated Steroid drug delivery to limit tissue response to 
the implanted lead, and to maintain the viability of the cells 
in the region immediately Surrounding the implanted device. 
Berthelson, Medical Electrical Lead Employing Improved 
Penetrating Electrode, U.S. Pat. No. 5,002,067 (Mar. 26, 
1991) describes a helical fixation device for a cardiac pacing 
lead with a groove to provide a path to introduce anti 
inflammatory drug to a depth within the tissue. The groove 
does not provide a patent fluid pathway to a depth within the 
heart, no tube end to end is described, and the device is 
designed for pacing the heart. No descriptions of using 
antiarrhythmic agents or other approaches are described. 
Moaddeb, Myocardial Steroid Releasing Lead, U.S. Pat. 

No. 5,324.325 (Jan. 24, 1994) describes a myocardial steroid 
releasing lead whose tip of the rigid helix has an axial bore 
which is filled with a therapeutic medication Such as a 
steroid or steroid based drug. There is no fluid pathway from 
the proximal end of the catheter, the drug delivery structure 
is limited in its size, the device is designed for cardiac 
pacing. Moaddeb describes a reservoir that is Small in that 
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4 
it fills only the core region of the distal portion of a helix 
historically formed of 0.010 inch diameter to 0.012" diam 
eter wire. 

Vachon, Implantable Stimulation Lead Having an 
Advanceable Therapeutic Drug Delivery System, U.S. Pat. 
No. 5,447,533 (Sep. 5, 1995) and U.S. Pat. No. 5,531,780 
(Jul. 2, 1996) describe pacing leads having a stylet intro 
duced anti-inflammatory drug delivery dart and needle 
which is advanceable from the distal tip of the electrode. No 
end to end tube is provided, and no means for transient 
delivery of agents in an implantable Setting is provided. 
Cardiac Ablation 
The infusion of different fluids to a depth within the 

myocardium has been described in the patent literature as 
being useful for ablation. Lesh, Cardiac imaging and abla 
tion catheter, U.S. Pat. No. 5,385,148 (Jan. 31, 1995) 
describes a cardiac imaging and ablation catheter in which 
a helical needle may be used to deliver fluid ablative agents, 
Such as ethanol, at a depth within the tissue to achieve 
ablation. Lesh proposes permanently killing the tissue with 
a one time application of ethanol Such that the heart is 
permanently damaged, not controlled. In one embodiment 
he does describe the potential of temporarily deadening the 
tissue with either lidocaine or iced Saline Solution, but this 
is merely in preparation of killing the tissue. The entire 
patent here teaches away from implantable materials and 
applications as the fundamental device use is for acute 
ablation procedures. No means for transient delivery of 
agents in an implantable Setting is provided. 

Mulier, Method and Apparatus for Ablation, U.S. Pat. No. 
5,405,376 (Apr. 11, 1995), Method and Apparatus for R-F 
Ablation, U.S. Pat. No. 5,431,649 (Jul 11, 1995); and 
Method for R-FAblation, U.S. Pat. No. 5,609,151 (Mar. 11, 
1997) each describe a hollow helical delivery needle to 
infuse the heart tissue with a conductive fluid prior to 
ablation to control the lesion size produced. In addition 
delivery of an agent to affect cardiac conduction to evaluate 
an ablation site, and delivery of RF energy to the helical 
needle are disclosed. In all embodiments the device is 
described as an acute use ablation catheter using different 
techniques. No means for transient delivery of agents in an 
implantable Setting is provided. 
Cardiovascular ReStenosis 

Igo, Apparatus And Method For Transpericardial Delivery 
Of Fluid, U.S. Pat. No. 5,634,895 (Jun. 3, 1997) shows a 
technique for delivering drugs locally to different regions of 
the Surface of the heart and within the pericardial Sac via a 
SubXiphoid Surgical route, for treating vascular thrombosis 
and restenosis. The SubXiphoid Surgical route requires open 
chest Surgery, and penetration of the pericardial Sac. Such 
invasive procedures can be complicated by pericarditis and 
pericardial tamponade. No techniques for leSS invasive 
delivery of bioactive agents to the Surface of the heart or into 
the pericardial Space are described. No Systems for transient 
delivery, or transient delivery upon demand are described. 
No techniques for delivering antiarrhythmic agents or ter 
minating atrial arrhythmias are addressed. 
Antiarrhythmic Drugs 

There are a number of viable pharmacologic therapies that 
are also available. Drugs that predominantly affect Slow 
pathway conduction include digitalis, calcium channel 
blockers, and beta blockers. Drugs that predominantly pro 
long refractorineSS, or time before a heart cell can be 
activated, produce conduction block in either the fast path 
way or in accessory AV connections including the class IA 
antiarrhythmic agents (quinidine, procainimide, and 
disopyrimide) or class IC drugs (flecainide and 
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propafenone). The class III antiarrhythmic agents (Sotolol or 
amiodorone) prolong refractoriness and delay or block con 
duction over fast or slow pathways as well as in accessory 
AV connections. Temporary blockade of Slow pathway con 
duction usually can be achieved by intravenous administra 
tion of adenosine or Verapamil. Scheinman, Supraventricu 
lar Tachycardia: Drug Therapy Versus Catheter Ablation, 17 
Clinical Cardiology II-11 (1994). Other agents such as 
encainide, diltiazem, and nickel chloride are also available. 

Drugs currently used for antiarrhythmia control can actu 
ally kill people. The Cardiac Arrhythmia Suppression Trial 
showed that Specific agents delivered Systemically resulted 
in Substantially higher mortality rates than those individuals 
receiving no drugs at all. The Cardiac Arrhythmia Suppres 
sion Trial (CAST) Investigators, The effect of encainide and 
flecainide on mortality in a randomized trial of arrhythmia 
Suppression after myocardial infarction, 321 N. Engl. J. 
Med. 406 (1989). Echt, et al., Mortality and morbidity in 
patients receiving encainide, flecainide, or placebo-the 
Cardiac Arrhythmia Suppression Trial, 324 N. Engl. J. Med. 
781 (1991). This is likely due to the problematic pro 
arrhythmia effects of systemic drug delivery. Minimization 
of dose by local transient drug delivery has potential to 
eliminate the Side effects of these antiarrhythmic agents. 
There is a need to improve pharmacological therapy for the 
treatment of arrhythmias by providing for local delivery of 
these and other agents to regions within the heart tissue. 

There are embodiments of this invention which incorpo 
rate noninvasive Surgical techniques for delivering drugs to 
the pericardial Space and overcoming the difficulties of the 
invasive Sub-Xiphoid procedure described by Igo. In order to 
develop these techniques it is important to touch on the prior 
art regarding pericardial acceSS and delivery. 
Pericardial Access and Delivery 

There are a number of approaches for placing devices 
epicardially. Crosby, Apparatus for cardiac Surgery and 
treatment of cardiovascular disease, U.S. Pat. No. 4,181,123 
(Jan. 1, 1980) and Method And Apparatus For Permanent 
Epicardial Pacing Or Drainage Of Pericardial Fluid And 
Pericardial Biopsy, U.S. Pat. No. 4,319,562 (Mar. 16, 1982) 
and Chin, et al., Method And Apparatus For Providing 
Intrapericardial Access And Inserting Intrapericardial 
Electrodes, U.S. Pat. No. 5,033,477 (Jul 23, 1991) to 
disclose methods for placing electrodes in contact with the 
heart muscles from within the pericardial space without the 
need for a thoracotomy. Access to the pericardial Space is 
gained via a Sub Xiphoid approach. This involves penetrating 
the chest wall below the Xiphoid process. 

The Sub Xiphoid route has Several disadvantages. First, 
because the pericardial Sac which Surrounds the heart is a 
tight fitting fibrous membrane, the pericardial Space is So 
small that it is difficult to penetrate the sac without also 
puncturing, and thereby damaging the heart itself. Second, 
accessing the heart via a SubXiphoid route entails a high risk 
of infection. These are likely to account for the failure of 
these methods to be adopted in common clinical practice. 

Several patents, including Elliott, et al., Method For 
Transvenous Implantation Of Objects Into The Pericardial 
Space Of Patients, U.S. Pat. No. 4,884,567 (Dec. 5, 1989) 
and Elliott, Defibrillator System With Cardiac Leads And 
Method For Transvenous Implantation, U.S. Pat. No. 4,946, 
457 (Aug. 7, 1990) and Cohen, et al., Travenously Placed 
Defibrillation Leads, U.S. Pat. No. 4,998.975 (Mar. 12, 
1991) have proposed methods for transvenous implantation 
of electrodes into the pericardial Space. A catheter is intro 
duced through a vein to the right atrium where the lateral 
wall is penetrated in order to introduce electrodes into the 
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pericardial Space. A major problem encountered by these 
methods is how to penetrate the lateral atrial wall without 
puncturing the tight fitting pericardium. 
The methods of these patents attempt to solve this prob 

lem through Several elaborate Schemes. One Scheme 
involves using complex catheters to attach to the lateral wall 
and to pull it back away from the pericardium prior to 
penetrating the atrial wall in order to avoid puncturing the 
pericardium. Another approach involves injecting a fluid 
into the pericardial Space to distend the pericardium away 
from the lateral atrial wall prior to penetrating the wall. 

Cohen, Method and System for Implanting Self Anchor 
ing Epicardial Defibrillation Electrodes, U.S. Pat. No. 4,991, 
578 (Feb. 12, 1991) discloses a method for implanting 
epicardial defibrillation electrodes into the pericardial Space 
via the subxiphoid route. As discussed above, it is difficult 
to penetrate the pericardial Sac via the Sub Xiphoid route 
without also puncturing and thereby damaging the heart 
itself. Like the method discussed directly above, the 578 
patent discloses injecting a fluid into the pericardial Space or 
attaching and pulling on a catheter to distend the pericardial 
Sac away from the heart. 

Cohen, Transvenously Placed Defibrillation Leads Via An 
Inferior Vena Cava Access Site And Method Of Use, U.S. 
Pat. No. 4,991,603 (Feb. 12, 1991) discloses a method for 
implanting defibrillation electrodes in contact with epicar 
dial or pericardial tissue from an inferior Vena cava acceSS 
Site. A hole is made in the inferior Vena cava and a catheter 
is transvenously inserted into the inferior Vena cava and out 
through a hole into the chest cavity adjacent to the heart. The 
catheter then pierces the pericardial Sac to access the peri 
cardial Space. The risk of damaging the heart muscle 
remains high with this method. 
The pericardial Sac has been used for containment of 

pharmacological agents for a number of years in experimen 
tal Settings, but delivery has required open chest Surgery to 
access the pericardial Space. Ellinwood, Apparatus And 
Method For Implanted Self-Powered Medication 
Dispensing, U.S. Pat. No. 4,003,379 (Jan. 18, 1977) and 
Ellinwood, Self-Powered Implanted Programmable Medi 
cation System And Method, U.S. Pat. No. 4,146,029 (Mar. 
27, 1979) disclose an implantable medication dispensing 
apparatus which is adapted to dispense drugs to the pericar 
dial Sac Over a long period of time, for example to prevent 
arrhythmias. The Ellinwood patents do not teach a method 
for routing drugs to the pericardial Sac. Epicardial delivery 
of pharmacological agents to the heart is similar to that 
described in Igo, Apparatus And Method For Transpericar 
dial Delivery Of Fluid, U.S. Pat. No. 5,634,895 (Jun. 3, 
1997) which describes a balloon catheter for sub Xiphoid 
acceSS. Levy, System for controlled release of antiarrhyth 
mic agents, U.S. Pat. No. 5,387,419 (Feb. 7, 1995) describes 
implantable control release matrices. Verrier, Method For 
Transvenously Accessing The Pericardial Space Via The 
Right Auricle For Medical Procedures, U.S. Pat. No. 5,269, 
326 (Dec. 14, 1993) describes a technique for accessing the 
pericardium through the right atrial appendage and describes 
the possibility of infusing the pericardium with antiarrhyth 
mic agents. 
No Systems or techniques for local drug delivery to the 

epicardial Surface of the heart upon demand have been 
described. In addition, no means of creating a viable atri 
otomy closure after transatrial implantation of devices has 
been described. Further, no means has been provided for 
hybrid local drug delivery therapies involving electrical 
therapy and ablative therapy for the treatment of arrhyth 

S. 
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Cardiac Bypass 
There are two general types of cardiac bypass graft 

procedures: Stopped heart procedures and beating heart 
procedures. Traditional bypass and its minimally invasive 
counterpart developed by Heartport, Inc. in Redwood City, 
Calif., USA involve stopping the heart with a cardioplegia 
Solution and performing circulatory Support by cardiopul 
monary bypass. Although excellent Success has been 
achieved with conventional cardiac bypass grafting employ 
ing cardiopulmonary bypass for circulatory Support, the 
major causes of mortality and morbidity are due to the use 
of cardiopulmonary bypass as well as manipulation of the 
aorta by either croSS clamping or placement of proximal 
grafts that lead to atherosclerotic cerebral emboli. Cardiop 
ulmonary bypass introduces well known adverse effects 
Such as hemodilution, Stroke, renal insufficiency, coagulo 
pathic bleeding and incitement of the Systemic inflammatory 
response. M. J. Mack, International Journal of Cardiology, 
62 Suppl. 1, 1997, S73-S79. In addition, cardiopulmonary 
bypass has the disadvantage in that it accounts for a Sub 
Stantial portion of the expensive procedural cost. The tech 
nology of cardiopulmonary bypass is described in recent 
patents devising new methods for managing cardioplegic 
fluids such as U.S. Pat. Nos.: 5,423,769; 5,423,749; 5,609, 
571; 5,643,191; 5,702,358; 5,540,841. 

Beating heart cardiac bypass Surgery, Such as the "MID 
CAB procedure developed by CardioThoracic Systems, 
Portola Valley, Calif. eliminates cardiopulmonary bypass 
and its inherent disadvantages, but it has its own complica 
tions. Beating heart Surgery requires the Surgeon to perform 
delicate techniqueS on a heart that is beating and full of 
blood, making the procedure much less precise and control 
lable. Some of these difficulties have led to reservations on 
the part of Some physicians regarding both the “midcab'. 
approach as well as the "port access' approaches for mini 
mally invasive cardiac Surgery. Lawrence I. Bonchek and 
Daniel J. Ulyot: Minimally Invasive Coronary Bypass A 
Dissenting Opinion, Circulation, 1998; 98: 495-497. 
Advantages of beating heart Surgery has led Some to attempt 
the development of complicated Surgical compensation 
techniques to eliminate the perception of heart motion for 
the Surgeon and improve the precision of the procedure. 
Others have developed methods of physically stabilizing the 
heart with either devices such as the Medtronic Octopus or 
leSS expensive devices formed in the operating Suite using 
wet cotton tape Vincenzo Lucchetti and Gianni D. Angelini: 
An Inexpensive Method of Heart Stabilization During Coro 
nary Artery Operations without Cardiopulmonary Bypass, 
Ann. Thorac. Surg. 1998; 65:1477-8.). Altman, in pending 
U.S. application Ser. No. 09/057,060 has described an 
approach between Stopped heart cardiac Surgery and beating 
heart cardiac Surgery, which will be developed further here. 

SUMMARY OF THE INVENTION 

Several inventions described below permit local transient 
therapy for arrhythmias. Drugs or other anti-arrhythmia 
agents may be delivered into one or more regions of the 
atrial or ventricular wall to control arrhythmia of the atrium 
or Ventricle with devices implanted into the chest, including 
a drug delivery catheter with a tip for implantation into the 
heart wall and a drug reservoir implanted in the chest. The 
devices can deliver drugs into the wall of the heart, into the 
left atrium through a catheter which is implanted in the right 
atrium, and into the left ventricle which is implanted in the 
right ventricle. The devices may be combined with other 
therapies Such as implantable defibrillators and cardiac 
pacemakers. The devices may also be used to transiently 
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created a long linear lesion within the atrium or used to 
augment the effects of a region of permanent ablation 
transiently. Different embodiments of the systems described 
may be used together. 
The devices and techniques used for local transient 

therapy may also be to Stop the heart for extended periods, 
temporarily and intermittently providing the physical Stabil 
ity of the heart required for bypass Surgery. This approach 
falls between Stopped heart cardiac Surgery and beating 
heart cardiac Surgery. With acute use catheter Systems the 
heart may be temporarily Stopped or markedly slowed. Such 
induced bradycardia would provide a quiescent heart for 
very short periods So that delicate Surgical procedures may 
be performed. Procedures as common and as important as 
Suturing and performing distal anastamosis during bypass 
Surgery are examples of techniques that would be improved 
by Such slowing of the heart. By providing a System to Slow 
or Stop conduction within the heart, a Systemic dosage to 
eliminate or reduce ventricular automaticity, and a tempo 
rary pacing wire, the Surgeon will be able to slow or Stop the 
heart to improve the control and precision of the Surgical 
techniques performed. In the preferred embodiment conduc 
tion is stopped or slowed between the atria and the 
Ventricles, but it could be altered at other locations Such as 
the Sino-atrial node. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an overview of an implantable cardiac drug 
delivery System. 

FIGS. 1a through 1d are detail views of the system of 
FIG. 1. 

FIGS. 1Ea through 1F illustrate a new use of the system 
of FIG. 1. 

FIG. 2a is an overview of an implantable epicardial drug 
delivery System. 

FIGS. 2b through 2d are detail views of the system of 
FIG. 2a. 

FIGS. 2e through 2i illustrate catheters for transatrial 
access to the epicardial space. 

FIG. 2J illustrates a helical catheter for transatrial access 
to the epicardial Space. 

FIG. 2K illustrates an epicardial patch drug delivery 
System deployed from inside the right atrium. 

FIGS. 2L through 20 illustrate deployable epicardial 
patch drug delivery Systems. 

FIGS. 2P through 2Gb are detail views of the system of 
FIG. 2k. 

FIG. 2R illustrates an epicardial patch drug delivery 
System deployed from inside the right atrium. 

FIG. 2S is a detail view of the system of FIG. 2R. 
FIG. 3A is a view of an endocardial catheter installed in 

the right ventricle for trans-Septal injection of drugs into the 
left ventricle. 

FIG. 3B illustrates the expected concentration of drugs in 
the heart when delivered according to the method illustrated 
in FIG. 3A. 

FIG. 3C is a view of an endocardial catheter installed in 
the right atrium for trans-atrial Septum injection of drugs 
into the left atrium. 

FIG. 4 illustrates a method of creating long region of 
block in the right atrium with a catheter. 

FIGS. 4A and 4B show details of the catheter of FIG. 4. 

FIG. 5 illustrates the system of filling a drug reservoir to 
be used with the various catheters. 
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FIGS. 6A and 6B illustrate transient drug delivery cath 
eters in combination with implantable defibrillators. 

FIGS. 7A and 7B illustrate methods of transiently deliv 
ering drugs in conjunction with creating long linear lesions 
in the right atrium using an implanted drug delivery catheter. 

FIG. 8 is a simplified overall view of the system with 
endovascular infusion catheter and endovascular pacing 
wires connected to the patient's heart; 

FIG. 9A Shows a timing diagram of the pacing and 
infusion Systems showing a first embodiment of the opera 
tion of the System; 

FIG. 9B shows a timing diagram of the pacing and 
infusion Systems showing a Second embodiment of the 
operation of the System; 

FIG. 10 is a simplified overall view of the system with 
epicardial infusion catheter and epicardial pacing wires 
connected to the patients heart; and 

FIG. 11 shows a partially cross sectional view of an 
epicardial penetrating fluid delivery System. 

DESCRIPTION OF INVENTION 

The description of this invention will be broken down into 
three parts which inter-relate to one another: (I) the method 
and devices for local delivery to the heart, (II) the methods 
and devices for transient delivery of agents to the local drug 
delivery systems described, and lastly (III) hybrid therapies 
of Such delivery Systems and transient delivery techniques 
combined with other therapies. 
Part I: Method and Devices for Local Delivery to the Heart 
Delivery from a Penetrating Structure 
One embodiment for extremely local delivery of agents to 

the myocardium involves a penetrating structure that has a 
fluid pathway to a depth within the myocardium for local 
infusion of pharmacological agents on demand. Such 
implantable infusion devices are described in Altman, U.S. 
Pat. No. 5,551,427 as well as in a pending patent application 
U.S. patent app. Ser. No. 08/881,685 filed by Altman and 
Altman. Both of these should be incorporated here by 
reference. 

For example, a single point Source of pharmacological 
agents delivered to a depth within the atrial tissue will enable 
a region of atrium to be pharmacologically modified while 
the Systemic doses are extremely Small. This will act as a 
region of Slowed conduction on which the wave fronts 
associated with atrial fibrillation will be terminated. Unlike 
the transient effects of a paced site, a Site infused with drug 
will have slowed conduction for a substantial period of time. 
The longer the drug is infused to the Site, the larger the 
region of inactive atrium will be. Very Small doses can be 
delivered to Specific regions of tissue to terminate arrhyth 
mias. Systemic effects will be minimized. The quantity of 
agents will be minimized, as will reservoir Size and number 
of physician follow-ups. 

FIG. 1 shows a detailed drawing of a technique described 
substantially in Altman, U.S. Pat. No. 5,551,427, as well as 
in a pending patent application U.S. patent app. No. 08/881, 
685 filed by Altman and Altman. Shown here is a subcuta 
neously implanted fluid pump 1 having a plurality of sili 
cone Septii 2 and 3 on its upward facing Surface to facilitate 
the filling of drug reservoirs within pump 1. Also shown on 
the Surface of pump 1 is a pressure Switch 4 which enables 
the patient to mechanically turn on the pumping mechanism 
when judged appropriate. Pump 1 is connected to catheter 5 
which travels transvenously by way of the subclavian vein 
(not shown) through the Superior Vena cava 7 and into the 
right atrium 6 which is shown in a cut away view. These 
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implantation techniques are well known to those familiar 
with the placement of implantable cardiac leads. The pen 
etrating drug delivery structure, shown here as helix 15 on 
the end of catheter 5 is in fluid connection with pump 1 such 
that drugs can be delivered directly to a depth within the 
atrial wall tissue. The region within the atrium of implan 
tation Specified may vary from patient to patient based on the 
characteristics of the atrial arrhythmia being treated. Here it 
is shown placed in the intra atrial Septum which has been 
described as important for the termination of atrial fibrilla 
tion. 

FIG. 1A shows the distal end of catheter 5 shown in FIG. 
1. Catheter body 5 may enclose helical wire or cabled wire 
conductors for monitoring the electrical activity of the heart 
or delivering pacing energy which is coupled to hollow 
fixation structure 15 which delivers drugs to a depth within 
the heart tissue 10. The progression of the drug transport 20 
from the site of the drug delivery helix 15 can be monitored 
during implantation in a number of ways. Either pacing 
thresholds can be measured which will be higher and 
correlate to a larger infused Volume, or endocardial electro 
physiology mapping can be performed if desired. 

Another means for evaluating and confirming device 
placement position involves delivering contrast Such as 
RenographinTM from the proximal end of the catheter such 
that it is released at the distal end near where the penetrating 
Structure is placed within the heart wall performing a 
Ventricologram or an atriogram. Such contrast delivery may 
occur from a guide catheter, from a separate dedicated lumen 
within the catheter drug delivery System (not shown), or 
from a separate adjacent catheter System. Further, the drug 
delivery lumen may be flushed with contrast to confirm that 
the device is in its appropriate location, designated by the 
appearance of contrast Stain under fluoroscopy. 
An enlarged view of this drug delivery lead is shown in 

FIG. 1B. Here, hollow fixation structure 15 is shown to have 
a number of apertures 25 along its length, and be connected 
on its proximal end to both a tube 35 for drug delivery and 
a helical coil 40 for the measurement of electrical Signals 
from the heart and the delivery of pacing energy. Structure 
30 is made of an electrically conductive material and stabi 
lizes the hollow drug delivery structure and allow for its 
connection to the conductive coil 40. 

FIG. 1C shows another embodiment very similar to FIG. 
1A except here, the penetrating Structure 45 is composed of 
two elements. In the expanded view shown in FIG. 1D the 
two elements are a fixation helix 50 and a centrally located 
needle 55 which is porous over some region. It should be 
clear that it would be very easy to design needle 55 so that 
it is not centrally located. This hollow needle 55 is connected 
to the tube 35, and is also connected electrically to the coil 
40 and the helix 50. It would be straightforward to make the 
needle or the helix the Sole penetrating conductive element 
connected to the coil 40. 

FIG. 1Ea and FIG. 1Eb show another embodiment in 
partial cross section that is similar to FIG. 1A. Here, a stylet 
wire 1 is inserted into coil 40 and is used for steering the 
catheter Structure to a particular location as well as for 
deploying penetrating helix 15 for infusing therapeutic fluid 
agents. Adjacent to coil 40 is a drug delivery tube 2 which 
wraps helically around coil 40 and is advanced in a region 
7 over the hollow tube or needle 8 which allows for fluid 
agents to be delivered either to a depth within the tissue, or 
through the tissue. Stylet 1 is able to transmit torque to 
distally located structure 11 by having the stylet's distal 
croSS Section have one axis longer than the other, Such as an 
oval or rectangle and by having Structure 11 be shaped 
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similarly such that stylet 1 fits within distal structure 11. 
Here distal structure 11 is shown to be press fit onto the 
outside of coil 40 and to the inside of fixation helix 15 shown 
here to have a hollow cross section 9. Other means of joining 
these structures Such as crimping, Swaging, Welding, 
brazing, and bonding are also possible. Further, the distal 
Structure 11 may have different croSS Sectional shapes along 
its length to provide for attachment, torque transmission, and 
electrical continuity to fixation Structure 15. Upon transmis 
sion of torque to distal structure 11, the helix 15 advances 
through structure 12 and out the distal end of the catheter to 
engage the tissue (not shown). The helical wrapping of drug 
delivery tube 2 distends as shown by the difference in FIGS. 
1Ea and 1Eb such that the fluid connections to the penetrat 
ing structure and the proximal connections (not shown) are 
not stressed. A distensible fluid pathway Such as that shown 
could be located at different regions along the catheter body, 
and not just at the distal end as shown here. By placing it at 
the distal end, a bi-lumen tubing could be used along the 
length of the catheter until the region where the distensible 
drug delivery tubing is located, and an appropriate transition 
(not shown) to a single lumen tubing Such as is shown could 
be implemented. 

FIG.1F shows a view similar to that shown in 1C, except 
now the drug is delivered adjacent to a blood vessel 60 such 
that the drug can percolate acroSS the vessel wall and enter 
into the blood pool that feeds this local tissue 10. For 
example, in the treatment of Supraventricular arrhythmias, a 
catheter placed in the right atrium may be implanted in the 
free heart wall Such that its drug delivery structure may 
deliver to vessels Such as the right coronary artery (RCA), 
the sinus node branch of the RCA, the conus branch of the 
RCA, the atrioventricular node branch of the RCA, and the 
posterior descending interventricular branch of the RCA. 
The flow from the catheter forces retrograde flow up regions 
of the capillaries up the arterioles and into the larger 
coronary artery. The drugs delivered in the coronary artery 
are then distributed to portion of the myocardium that is 
Supplied by the coronary artery. 
Delivery from an Epicardial Structure 

FIG. 2A shows an intact heart 65 with ventricles 66, and 
right atria 71 and left atria 72. Two epicardial drug delivery 
patches 70 and 75 cover the right atria 71 and left atria 72, 
respectively. These patches are shown to be connected to 
separate but identical thin drug delivery catheters 80a and 
80b which connect the drug delivery patch structure to the 
implantable pump 76 which is located subcutaneously in the 
pectoral region. Drug delivery patches are placed over the 
atria 71 and 72 to minimize the drug delivery to the 
Ventricles and to maximize the delivery to the atria, although 
it is clear that the opposite Scenario is also possible. Drug 
delivery catheters 80a and 80b contain a fluid pathway from 
drug delivery patches 70 and 75 for the infusion of agents 
upon demand. Catheters 80a and 80b may also contain 
electrical conductors which connect to the drug delivery 
patches to either perform electrical measurements on the 
activation of the heart, Stimulate the heart, or facilitate 
delivery from the drug delivery Structure by opening Some 
electromechanical valve in the distal region. 

FIG. 2B shows a side view of these same patch drug 
delivery systems in which tube 80 allows the flow of fluid 
agents to the thin Space 95 which Serves as a plenum, 
communicating with a fluid resistant mesh 85. The fluid 
resistant mesh 85 serves as a diffusing medium which allows 
the small volume of drug in space 95 to be uniformly 
distributed over the Surface area of the patch as it is 
delivered. In this way, a large Surface of the heart is treated 
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simultaneously. Mesh 85 could also be a rate limiting 
membrane. The rate limiting membrane could be made of 
ePTFE with small pores such that the drug distributes more 
readily over the surface of the rate limiting barrier inside the 
drug delivery patch than it does through the rate limiting 
barrier. This will prevent all of the fluidic agent from being 
delivered at the point where it enters the large Surface of 
delivery patch. Such rate limiting membranes and materials 
are well known in the field of transdermal drug delivery 
Systems, but have not been used in cardiac drug delivery 
Systems. Alternatively, the barrier could be a thin hydrogel 
or other material through which the delivery would be 
required to diffuse more slowly. There is a rim 90 around the 
drug delivery surface defined by mesh 85 such that the patch 
may be sewn onto the Surface of the heart, or to the inside 
of the pericardial Sac Such that the drug delivery Surface is 
in contact within the epicardium. 
FIG.2C shows yet another embodiment of this patch drug 

delivery System approach which includes an electrically 
conductive Surface. Here electrically conductive Titanium or 
Platinum mesh 100 is in contact with the heart Such that 
electrical Signals on the Surface of the heart or electrical 
energy can be delivered to the heart. The mesh is installed 
on the patch over the rate limiting membrane 85 (not 
shown). Catheter body 110 includes both a fluid pathway for 
drug delivery and the electrical conductor which connects to 
mesh 100. Rim 90 is provided to suture the patch to either 
the epicardium or the inside of the pericardial Sac. 

FIG. 2D is a sectional view of the patch drug delivery 
electrode shown in FIG. 2C that shows electrically conduc 
tive mesh 100 is connected at crimp 115 to conductor cable 
120. In addition, fluid agents may travel down tube 125 
within catheter body 110 to drug space 95 for uniform 
distribution through mesh 85. 

Although shown as one large electrode used for delivering 
uniform energy to a large Surface of tissue, many Smaller 
electrodes could be incorporated in Such a design for more 
precise local measurements of the heart's electrical activity, 
and local energy delivery. Such multi-electrode Systems for 
epicardial placement have been described in the fields of 
electrical defibrillation and multi-site pacing. 
The patch structures shown in FIGS. 2A, 2B, 2C, and 2D 

can be placed by many of the techniques described in the 
prior art. Many of the leSS invasive Surgical techniques for 
heart access are viable Such as the Sub Xiphoid approach. The 
patches may be delivered endovascularly through a trans 
venous approach in which the patches are delivered to the 
pericardial Space in a collapsed form and deployed to their 
larger final form once within the pericardial Space. The 
Specific descriptions of transvenous access to the pericardial 
Space here shall focus on a Solution left incompletely Solved 
in Verrier, Method for Transvenously Accessing the Peri 
cardial Space via the Right Auricle For Medical Procedures, 
U.S. Pat. No. 5,269,326 (Dec. 14, 1993). The scope of this 
invention is not meant to be limited by this specificity, as all 
techniques referenced for transvenous access to the pericar 
dium may be used. Although many techniques have been 
described in the prior art for crossing the atria or the Vena 
cava to access the pericardial Space, none of them Solves the 
problem of the trans-atrial placement of an implantable 
device with Subsequent wound closure. More importantly, 
none of the devices provide a means for delivering antiar 
rhythmic agents to the pericardial Space and the Surface of 
the heart transiently when an arrhythmic event is present. 
The patches shown placed over the atria in FIG. 2a are 

placed with a relatively noninvasive trans-thoracic proce 
dure in which a Small incision is made between the ribs and 
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the pericardium cut and entered with laparoscopic and 
microSurgical tools. The patches are placed in their appro 
priate places using the techniques Similar to the placement of 
epicardial defibrillation patch leads, and the rim 90 (more 
clearly illustrated in FIGS. 2B and 2C) is sutured to hold it 
in place, Such as to either the Visceral or parietal pericar 
dium. The pericardial Space is then closed, and the proximal 
catheters 80a and 80b are tunneled through the fascia to the 
region where the drug delivery pump is to be placed, 
typically in the Subcutaneous region over the pectoral 
muscle. The catheterS 80 are connected to the pump, and 
then the pump is placed within the Subcutaneous pocket and 
the wounds are closed. Subsequent to placement, the pump 
reservoir can be refilled by transcutaneous injection into 
silicone septum 77. 

Installation of local atrial drug delivery Systems can be 
accomplished without open chest Surgery, and only requires 
an atriotomy in the right atrial appendage. FIG. 2E shows a 
simple cylindrical transvenous catheter body 230 penetrat 
ing a region of atrial myocardium 200 from the endocardial 
side 199 to the pericardial side 201 of the myocardium. 
Flanges 205 and 210 are mechanically attached to catheter 
body 230 and shown placed on either side of the penetrated 
atrial wall 200. Flanges 205 and 210 are connected to one 
another and the interspersed atrial tissue 200 by a ring of 
small staples, two of which are shown as 215a and 215b. 
The flange Structures provide reinforcement to the thin atrial 
tissue to provide Stability for the closing Staples. Catheter 
230 has a distal end 220 which lies in the pericardial space 
and allows for infusion of the pericardium with pharmaco 
logical agents through lumen ports 225. 

FIG. 2F shows an isometric view of the same catheter 
System shown in FIG. 2E without the presence of atrial 
tissue. Clearly the larger cross sectional area of the flaps 205 
and 210 for securing the catheter to the atrial wall tissue 
make it desirable to have these Structures collapsible. 
Although two such flaps 205 and 210 are shown in this 
figure, it is clear that one or even no flaps may be used in 
different embodiments. 

FIG. 2G shows such a system with a non deployed 
collapsed single flap 230. Flaps could be made out of 
materials. Such as expanded polytetrafluoroethylene 
(ePTFE), silicone, Dacron, and combinations of these mate 
rials possible through lamination, calendering, and other 
techniques. In this figure the flap 230 is intended to be made 
out of ePTFE and be molded in its center to the catheter body 
at its leading edge 236. The flap 230 is pulled back and 
folded along fold lines 232 to its non deployed collapsed 
position. 

Delivery of the catheter system shown in FIG. 2G can be 
performed with a variety of endoscopic techniques. One 
approach uses a monorail tip lumen on the distal end 220 of 
the in-dwelling catheter, Such that the entire delivery cath 
eter can be passed over a Smaller guide wire type structure 
that has been used to penetrate the right atrial wall. In this 
embodiment, the catheter is implanted with a short Stylet 
which does not protrude from the end of the catheter until 
the region where penetration of the atrium is desired. A Sharp 
and short penetrating region of the Stylet is then advanced 
from the distal end of the catheter structure, the catheter 
advanced through the atrial wall, and the distally protruding 
Stylet removed. Here, the deployment of the flaps is per 
formed by catching trailing edge 234 lip on the atrial 
myocardium. The catheter is inserted down through the 
atrial wall into the pericardial Space Such that the entire flap 
230 advances into the pericardial space. Upon pulling back 
on the catheter the flap deploys in the pericardial Space. 
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Alternatively, the orientation of the flap is reversed Such that 
the advancement of a leading edge lip causes the catheter 
flap 230 to deploy in the atrial endocardial space. One flap 
with each orientation facilitates the location of a flap on 
either Side of the atrial myocardium. Radio opaque bands 
located on the catheter body at different locations also help 
with Visualization under fluoroscopy. 
A Second approach for delivery of Such a drug delivery 

catheter System could be accomplished with a larger peel 
away catheter. The large catheter is advanced to the region 
for crossing the atrial wall, and a Second centrally located 
catheter with a sharpened tip is used to penetrate and croSS 
the atrial wall. After the large peel away catheter has been 
advanced across the atrial wall, the centrally located catheter 
with a sharpened tip is removed, and the drug delivery 
catheter is advanced to the pericardial Space. Here, the 
presence of the larger peel away catheter can be used to 
control the deployment of the flaps on the catheter body. In 
a similar technique to that described above, the flaps could 
be deployed by pulling the proximally located flap lip 232 
against the opening of the peel away catheter for deploy 
ment. Flaps on both sides of the atrial wall are deployed in 
an identical fashion, and the presence of radio opaque 
markers would add greatly to the positioning techniques. 
FIG.2H shows a similar catheter system to that shown in 

FIG. 2G, except there are two deployable catheter flaps 235 
and 240, both with trailing edge lips 245 and 250. In another 
embodiment, flap 240 would have a trailing edge lip 250 as 
shown, and flap 235 has a leading edge lip. Further, the 
proximal flap 235 may be designed to slide on the catheter 
230 to facilitate the Stapling process. The larger peel away 
guide catheter could be useful for positioning deployed flaps 
for Subsequent Surgical Stapling. 

FIG. 2I shows a cross section of a stapler catheter 260 
advanced around the transatrial catheter 230 Such that the 
stapler comes into contact with an endocardial flap 205 and 
advances it against the atrial wall 200. Such staplers would 
Simultaneously provide a number of Staples or Sutures 
around the periphery of the catheter Structure Such that it 
repairs the atriotomy. Staples can then be delivered around 
the periphery of catheter body 230 to provide fixation of 
catheter 230 and a viable repair of the penetrated atrial wall 
200. In addition, contact sensors 270, 275, 280 and 285 
could be used to know that the catheter is in contact with at 
least the endocardial flap 205 and that flap 205 is fully 
deployed. By having a ring of conductive material shown in 
section as contact points 275 and 285 in the outside of flap 
205, the stapler could monitor electrical continuity between 
two or more circumferentially placed electrodes 270 and 
280. Continuity would imply that the flaps are deployed and 
that the staples may be effectively delivered. 

FIG. 2J shows another embodiment of the transatrial 
pericardial placement of a catheter for both delivery of drugs 
and electrical Stimulation of the myocardium. Here catheter 
288 enters the right atrium 305 via the Superior vena cava 
290 and exits the right atrium 305 via the right atrial 
appendage. External catheter flap 295 is shown with staples 
300 securing the catheter and effecting the repair of the 
penetrated atrium. Cylindrical catheter 288 is advanced such 
that a Series of electrodes can Surround the heart along the 
catheters helical path. This view reveals a large number of 
electrodes 385, 370,355, 320,330, and 335 placed around 
the heart. In addition, drug delivery ports 380,310,315,360, 
325, and 350 are shown such that they also surround the 
heart. There are many different therapies that can be 
achieved with Such a System. This example is meant to be 
instructive rather than Specific. For electrical Stimulation, a 
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number of electrodes could be used with an endocardial 
return electrode for multi-site pacing, atrial defibrillation, 
and ventricular defibrillation. The different electrodes could 
also be used for Sensing activity in different regions of the 
heart and combined with diagnostic algorithms in implant 
able electrical devices (not shown). Such multielectrode 
catheters have an extensive history in the field of cardiac 
electrophysiology. The multiple drug delivery ports could be 
connected to different lumens within the catheter body 288, 
or could all be connected to a common lumen. 

FIG. 2K shows another embodiment of the transatrial 
pericardial placement of a device for both delivery of drugs 
and electrical Stimulation of the myocardium. Here, a 
deployable patch System is shown placed over the Ventricles. 
Here, larger surface area electrodes 415 and 420 are shown 
within a large drug delivery patch. AS before, the catheter 
401 enters the heart from the Superior vena cava 402 and 
penetrates the right atrium 305. The proximal end of the 
catheter 401 is connected to a Subcutaneously placed 
implantable pump and electrical stimulation device 403. 
Device 403 is shown with two silicone septii 404 and 405, 
used for filling the internal reservoir with pharmacological 
agents. 
FIG.2L shows one embodiment of this deployable patch 

Structure in croSS Section where it is partially deployed. 
Arms 470 and 460 are wrapped around catheter body 450 
and over one another Such that they generate Shadow area 
coverage shown in FIG.2M when deployed. Deploying such 
a structure is readily done with Simple mechanical tech 
niques. 

For example, FIGS. 2N and 20 show a stylet mechanism 
for deploying the patch shown in FIGS. 2K, 2L and 2M. 
Here, a simple thin wire mechanism with five hinge joints 
480,490, 500,510, and 520 is advanced down the lumen of 
the patch structure to deploy the patch. FIG. 20 shows how 
concerted movement of stylet arms 525, 585, and 575 will 
result in the expansion of a planar wire Structure within the 
deployable epicardial patch forcing it to expand. Other 
Simple mechanisms and manipulations described in the art 
may also be used. 
As another example, FIGS. 2P, 20a, and 2Gb show a 

rolled epicardial patch Structure for distributed drug delivery 
to the epicardial Surface. In FIG. 2P, the rolled patch 
structure 600 is attached to a catheter 610 that allows for the 
transport of drugs, and potentially the presence of electrical 
conductors (not shown) to connect to the rolled patch 600. 
The patch is advanced through the opening in the atrium by 
a covering tubular structure 620 from which it is advanced 
and deployed. This tubular delivery catheter is essentially 
the same as the peel away catheter System which has already 
been described. FIG. 20a shows a deployed patch 600 
connected to catheter body 610 which is shown here to only 
have a lumen for drug delivery 615. It is clear to those 
familiar with the art that electrical conductors could be 
present as well. Patch 600 is shown to consist of a number 
of channels 640 connected by one or more transverse 
channels 650. Although many geometries are viable for the 
transverse channel, the angled pitch of the transverse chan 
nel will result in a shape that may more readily be rolled to 
a uniform diameter for delivery. Drug would pass down 
lumen 615 of body 610 and into channels 640 and 650 to be 
Spread uniformly within the patch Structure before being 
dispensed to the heart surface. FIG. 2Gb shows the same 
patch structure in cross section with channels 640, body 610, 
and molding 630. Here, a rate controlling barrier 660, such 
as could be formed from a microporous filter, membrane, 
mesh, or other Structure will allow drug molecules within the 
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transport fluid to migrate to the Surface of the heart tissue. 
However, the resistance of the rate controlling surface 660 
is greater than that through the channels 640, and the drug 
will be delivered relatively uniformly to the surface of the 
tissue to be treated. 

FIG. 2R shows two similar patches 670 and 680 over the 
left and right atria 690 and 700. Here, these dual patches 
come from a single transatrial catheter body 710. This single 
lead body facilitates the closure and repair of the right atrial 
appendage or other penetrated tissue after device implanta 
tion. Here also, the implantable pump system 681 is shown 
implanted on the patient's right Side. For crossing the 
atrium, different Surgeons may prefer either a right or left 
access route. This will determine in which side of the body 
the device is implanted. 
FIG.2S shows one potential delivery means in which the 

fork 720 takes place prior to the junction of the lead body 
710 and the proximal patch 670. Proximal patch 670 is 
wrapped around distal catheter body 730 which is connected 
to distal patch 680. 
Delivery Through a Septum of the Heart 
Another embodiment for local cardiovascular drug 

delivery, which has particular potential for the transient 
termination of arrhythmias is shown in FIG. 3A. Here, a 
catheter system similar to that shown in FIG. 1A without the 
pores 20 along the length of hollow fixation structure 15, is 
implanted Such that drug can be directly infused into the left 
side of the heart from a device which dwells in the right side 
of the heart. 

FIG. 3A shows a drug delivered through the ventricular 
septum. Catheter 145 is implanted in the right ventricle such 
that penetrating fixation device 150 is advanced through the 
Septal wall 185. Drug delivery here occurs through the 
septum and into the left ventricle 190. In this way a bolus 
dose is delivered to the body such that it is very concentrated 
in its first pass through the heart. 

This is shown reasonably well in FIG. 3B which shows a 
plot of the drug concentration in the heart with respect to 
time. Here, the drug is delivered into the left side of the heart 
at time t1 and enters the coronary arteries at a high concen 
tration immediately thereafter at time t2. The duration of the 
dosage is very short Such that by delivering a dose over a 
duration delta t there is only a transient therapeutic concen 
tration within the heart. AS the drug passes through the heart 
and begins to be further diluted with the rest of the blood, the 
dosage will fall below the therapeutic dose. The immediate 
dip after the dose is delivered is due to the lack of drug in 
the blood that follows the dose. 

FIG. 3C shows a heart 140 with a drug delivery catheter 
145 implanted in the right atrium 160, such that the pen 
etrating fixation device 150 is placed within the intra atrial 
septum 170 and the drug delivery occurs through the septum 
170 and into the left atrial blood pool 155. In this way a 
bolus dose is delivered to the body such that it is very 
concentrated in its first pass through the heart. The drug in 
the left atrium will be diluted somewhat by the turbulent 
mixing as it passes in the left Ventricle and it will be 
delivered in that concentration to the heart without dilution 
in the rest of the patient’s effective blood volume. 
The key advantage of these device methods is that they 

allow a means to deliver drugs to the left blood pool of the 
heart transiently without having a device implanted within 
the left Side of the heart. This advantage is significant. It is 
very difficult to have a permanent implant in the left side of 
the heart because of the potentially life threatening problem 
of thrombus formation and stroke. In the left side of the heart 
small clots or thrombi could be passed to the rest of the body 
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and obstruct critical flow to tissue Such as the brain. If a 
device is implanted in the right Side of the heart, the lungs 
will act as a filter to remove whatever clots and thrombi form 
and it is far less critical. By having a very Small Structure 
Slightly penetrate the Septum, drug delivery to the chambers 
of the left heart is achieved without the issues of a left sided 
implant. 
Delivery Adjacent to a Heart Wall 
Another embodiment for local cardiovascular drug 

delivery, which has particular potential for the transient 
termination of arrhythmias is shown in FIG. 4. Here a simple 
catheter is constructed so that it is extremely flexible but has 
a preferred curved shape 803 that will push it against the 
atrial wall in a preferred configuration after implantation. 
This can be achieved by molding a portion of the curved 
portion of the catheter body 803 out of polyurethane or 
Silicone. The catheter So formed is advanced into place with 
a rigid stylet, Such that it takes on the preferred shape after 
the Stylet is removed. Typically in this instance a stylet is 
merely a long metal wire which may be shaped to provide 
stiffness for implantation of such catheters. Stiffness of the 
Stylets can be varied by using different diameter wires, Say 
from 0.010 inches to 0.020 inches and their shapes can be 
modified by either the physician at the time of implant or 
during the manufacturing process. Such Stylets are well 
known in the field of cardiac pacing. The drug delivery 
catheter 800 advances into the heart from the Superior vena 
cava 805 and is positioned by advancing and retracting 
different Stylets until it is appropriately positioned. The 
proximal end of the catheter 800 is connected to a subcu 
taneously placed implantable pumping mechanism 806 with 
drug filling septum 807. The drug lumen in catheter 800 may 
be separate from the lumen in which the Stylet is used for 
positioning purposes. The apertures along the distal portion 
of catheter 800 cannot be seen in this view because they are 
oriented So that they are adjacent to the heart wall. 

FIG. 4A shows this more clearly. Along the outer portion 
of the curved catheter there are a number of apertures 801 
which allow fluid to be delivered preferentially towards the 
atrial wall 802. Such a delivery catheter would provide a 
means to alter a long linear region of tissue within the atrium 
transiently. This has great potential in treating Supraven 
tricular tachyarrhythmias. 

FIG. 4B shows a cross section of the catheter shown in 
FIG. 4A along a region of the curve 803 which includes 
apertures 801. Here the drug is shown in the catheter lumen 
825 and passing into the holes 810 which help define the 
apertures 801 in the main catheter tubing body 815. It will 
be noted that here, catheter body 815 is covered with a thin 
porous structure 820 such as ePTFE which may allow 
adhesion of the catheter to the heart wall in the region of the 
apertures over time. This may be desirable as it may facili 
tate the delivery of agents to specific regions of the atrium 
to create transient linear regions of electrical slowed con 
duction and possibly electrical block. Roughening the Sur 
face of the catheter may be another means to promote 
adhesion of the catheter to the endocardial atrial Surface. In 
other embodiments the ePTFE jacket would not be present, 
and the catheter would not be roughened. 
Part II: Methods and Devices for Transient Delivery of 
Agents to the Local Drug Delivery Systems 
Manually Triggered Drug Delivery Process 

In one embodiment, a permanently implantable catheter 
will enable the patient to deliver drugs to his or her atrium 
upon experiencing Symptoms. FIG. 5 ShowS Such a System. 
The proximal end of the catheter 850 systems described 
could be connected to a subcutaneous injection port 855. 
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Such injection ports are common in the literature and often 
are made of a titanium body with a Silicone injection Septum 
860. With such a device in place, a patient could self 
administer an injection through their skin, through the 
Silicone Septum of the device, and into the tubing which 
leads to the appropriate drug delivery Structure embodiment. 
In this way, a patient recognizing an arrhythmia is able to 
Self administer an agent to a specific location within his or 
her heart. By prepackaging the SyringeS 865, the dosages can 
be controlled. 
An alternative approach is to provide the patient with a 

Subcutaneous Self triggered pumping device that has a 
reservoir filled by a physician. These are shown in FIG. 1, 
FIG. 2A, FIG. 2K, FIG. 2R, and FIG. 3A. Multiple thera 
peutic doses could be Stored in Such a device. Such pumping 
Systems are already in the European market, but have not 
been used for this application. The Self triggered pumping 
devices can be triggered by applying preSSure to the Surface 
of the body over the pump and depressing a diaphragm in 
one embodiment. In another, the pump could be an elec 
tronic device that is activated by the placement of a magnet 
over the device Such as is known in the art of implantable 
electrical devices. 

Instead of allowing the patient to Self administer agents to 
themselves upon experiencing an episode, another approach 
is to incorporate algorithms for identifying particular 
arrhythmias and delivering therapy with a microprocessor 
based approach as described in the prior art and literature, 
which is hereby incorporated by reference. A microproces 
Sor based automated pharmacological defibrillator would 
monitor cardiac electrical Signals and deliver agents locally 
to the heart tissue when the electrical Signals are determined 
by a programmed algorithm to signify that the heart is 
experiencing an arrhythmia. 
The Small doses of defibrillating pharmacological agents 

will be delivered to the heart tissue over a short period of 
time. The diffusion from the delivery sites inactivates the 
tissue electrically and terminates the arrhythmia. This SyS 
tem is relatively inexpensive to manufacture. 
Part III: Hybrid Therapy 

Transient cardiovascular drug delivery will improve other 
therapies Such as implantable devices for electrical Stimu 
lation of the heart and techniques for permanent cardiac 
ablation. 
Transient Drug Delivery and Electrical Stimulation Devices 

In the first embodiment, the drug delivery systems shown 
in FIG. 1 and described in detail in U.S. Pat. No. 5,551427 
Altman, and in the pending application by Altman and 
Altman is coupled to an implantable defibrillator. Such a 
system is shown schematically in FIG. 6A and FIG. 6B. 
These Systems provide the means to incorporate an algo 
rithm that will allow the implantable system to identify a 
Ventricular tachyarrhythmia and infuse antiarrhythmic 
agents into the Ventricular Septum in order to terminate the 
arrhythmia. 

Typically, a tiered therapy automatic implantable cardio 
verter defibrillator will sense a ventricular tachyarrhythmia 
and identify an organized but excessive rate as Ventricular 
tachycardia, or VT. To terminate the VT, the devices typi 
cally attempt to pace the heart at a faster rate than the 
tachyarrhythmia, entrain the heart at this higher rate, and 
then Slow the paced rate below the tachyarrhythmia rate. 
This often does not work, and the only alternative is to 
deliver a painful high Voltage shock to the patient to termi 
nate the arrhythmia. Further, antitachycardia pacing has 
potential to accelerate the patients native arrhythmia and 
induce potentially life threatening Ventricular fibrillation. 



US 6,296,630 B1 
19 

Both of these effects of the standard therapies for VT are less 
than desirable. Since the reentrant circuits that drive VT are 
often located within the Ventricular Septum, it is possible 
with the systems shown in FIG. 6a and 6b to terminate these 
arrhythmias with local infusion of antiarrhythmic agents to 
a depth within the myocardium. 

FIG. 6a shows an implantable defibrillator 900 electri 
cally connected by lead 910 to electrically triggered pump 
ing reservoir 920. Pumping reservoir 920 is connected to a 
drug delivery catheter body 925 which delivers drug to a 
depth within the tissue by active fixation penetrating drug 
delivery structure 930. Such drug delivery structures have 
already been described here and in the art. Defibrillator 900 
is also electrically connected to implantable electrical lead 
970 which has one or more defibrillation electrodes 960 
along its length, and at least one pacing electrode 940 at its 
distal end. Implantable electrical lead also has a fixation 
mechanism to Secure the distal end of the lead at the 
implantation site, which in this figure is shown to be passive 
tines 950. Upon detecting ventricular tachycardia, the 
defibrillator 900 sends an electrical signal down the lead 910 
which triggers the pumping reservoir 920 to infuse the 
Ventricular Septum with antiarrhythmic agents. 

It is important that the pacing/sensing electrodes 940 are 
at physically separate from the drug delivery structure 930 
for Such automatic arrhythmia detection, because the infused 
drug will affect the ability to measure the heart's electrical 
action at the Site of drug delivery. 

FIG. 6b shows a very similar embodiment in which the 
defibrillator and pump are combined in a defibrillator/pump 
980 which delivers fluid and electrical energy down a single 
main lead body 990 which splits at 1000 to allow for spatial 
Separation of drug delivery structure 930 and distal pacing/ 
sensing electrodes 940. 

This is just one embodiment of a means for coupling the 
transient delivery of electrical and local pharmacological 
device therapies. Drug delivery to a depth of the heart wall, 
to an outer Surface of the heart, to the left chambers of the 
heart, and to long linear regions of the heart wall may be 
combined with electrical Stimulation and Sensing algorithms 
to provide Substantially novel and unique results. Similar 
Systems could be made combining: 1) local pharmacological 
atrial defibrillators with state of the art DDD pacemakers or 
automatic implantable cardioverter defibrillators, 2) devices 
to infuse drugs locally to reduce pain prior to delivering high 
voltage electrical energy, and 3) device S to precondition the 
tissue pharmacological prior to delivering electrical energy. 
Transient Drug Delivery and Cardiac Ablation 

In an attempt to cure atrial fibrillation, many researchers 
are introducing long linear lesions to the heart wall with 
different catheter techniques. The problem with Such long 
lesions is that they prevent the propagation of Signals 
through the heart even when an arrhythmia is not present, 
and reduce functionality of the heart. Using a drug delivery 
device has potential to provide flexibility in the creation of 
these lesions which is not currently available. An example of 
this is shown in FIG. 7A. 

FIG. 7A shows a region of atrial tissue 1102 with three 
long linear lesions 1100, 1105, and 1110, and placed such 
that electrical Signals can propagate between them through 
the atria. In the center of these three lesions is a Single 
penetrating drug delivery Structure 1130 connected to cath 
eter system 1140. Although the long linear lesions 1105, 
1110, and 1100 are insufficient to completely eliminate the 
possibility of the tissue in question Sustaining an arrhythmia, 
they are also insufficient to Substantially decrease the viabil 
ity of the atrial function. Upon onset of an arrhythmia, 
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antiarrhythmic drugs (amiodorone HCl, procainimide, 
ibutilide, or other drugs) may be infused to a depth within 
the tissue by drug delivery structure 1130, and now all of the 
lesions 1100, 1105, and 1110 are effectively connected to 
one another by a region of slowed conduction. In this way, 
a Small amount of drug delivery may be combined with 
lesions created by ablative techniques to complete a region 
of block and terminate an arrhythmia. 

FIG. 7B shows a similar hybrid therapy approach in 
which the catheter 1150 similar to those shown in FIGS. 4, 
4A, and 4B delivers agents to regions of the atrial wall. Here 
it intersects radio-frequency ablated long linear lesions 1160 
and 1170 in the region where it delivers agents to the atrial 
wall. This connects the two linear lesions to create an 
impassable line of slow conducting tissue in the atrial wall. 
The atrium will not sustain an arrhythmia with the conduc 
tive pathways blocked by this connected and impassable line 
of Slow conducting tissue. Clearly, other variations are also 
possible. 
The lesions shown here are intended to be instructive, but 

not definitive. Many different lesion patterns are possible 
and techniques and approaches for creating lesions of this 
type are still under development. 
Thus the reader will see that the different embodiments of 

the invention provide a means to effectively deliver agents 
more locally to the myocardium Such that doses delivered 
are minimized. 
They enable transient drug delivery to the tissue for 

treating cardiac arrhythmias, provide a means for Sensing the 
heart, and may be combined with cardiac ablation and 
electrical cardiac Sensing and Stimulation devices. 
While the above description contains many Specifics, 

these should not be construed as limitations on the Scope of 
the inventions, but rather as an exemplification the inven 
tions. Many other variations are possible. For example, the 
flow of liquid agents may be driven by implantable infusion 
pumps with a variety of energy Sources, and the device could 
be made from as yet unidentified biocompatible materials. 
Other examples include distally located electrically acti 
Vated piezoelectric crystals or electrodes to act as energy 
Sources for drug delivery for improving the transport into 
cells, distally located ultrasound transducer for implantation 
using ultrasound imaging. In addition, in the embodiments 
where bipolar Sensing through the drug delivery Structure is 
crucial, it is a simple task to add another electrode to enable 
bipolar Sensing. 

In addition, the simple penetrating designs shown in 
FIGS. 1, 1a, 1b, 1c, 1d, 1 Ea, and 1Eb could be modified 
Slightly to provide for a penetrating Structure that protrudes 
through the atrial wall and into the pericardial Space. By 
eliminating apertures along the penetrating Structure Such as 
is done in some of the earlier embodiments for delivery at a 
depth, therapeutic agents would only be delivered through 
the tissue to the pericardial Space. The devices would be 
placed in tissue regions Such as the Right atrial appendage 
where the tissue is thick enough to Support the penetration 
by a Small Structure, and the agents would be infused 
through the penetrating Structure to the Surface of the heart. 
The implantation of Such a device would require careful 
positioning Such that the Structure does not penetrate the 
aorta, but this should not be difficult. 

In Such a design of a Small Structure, Such as a hollow 
active fixation helix, that penetrates the tissue, the Successful 
access of the pericardial Space could be determined by 
monitoring the preSSure required to drive flow through the 
device. Another potential approach would be to have an 
electrically isolated electrode at the distal most point of the 
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penetrating Structure which could be used to pace the tissue, 
and the pacing threshold data used to determine whether the 
distal Structure is in fact within the tissue, or penetrating the 
tissue. Such an embodiment could be useful for other 
embodiments all ready discussed. 

Further, the delivery of the agents could be performed 
with appropriately modified catheter shapes. Such that curves 
are located to effect a certain position within and about the 
heart. Such curves in a catheter could be molded into place, 
or held in place by plastic deformation of the helical coil in 
the region it is desired. Such curved structures may provide 
improved access to certain regions Such as the right atrium, 
left atrium, right ventricle and left ventricle. 

Further, the drug delivery catheters could be placed using 
Steerable guiding catheters. Acute non implantable Steerable 
catheters that can be Secured to an implantable drug delivery 
catheter and Steered using pull wires to place and position 
the different drug delivery catheters described. For acute use 
of the drug delivery catheters described they could be 
modified So that they are Steerable having pull wires at the 
outer radii of the catheter body and potentially ribbons at the 
catheter midline to define the planes of bending. Many other 
designs are possible and have been described in the relevant 
art. In applications where Stylets are to be used for the 
placement of a drug delivery catheter, it may be desirable to 
have an independent lumen for the It delivery of fluid agents 
Such that the Stylet placement does not introduce air into the 
system. This can be achieved readily by having a tube which 
lies in parallel with the torque coil and moves in tandem with 
it, within the Outer catheter jacket. Other potential designs 
include having multi-lumen tubing up until the distal end of 
the catheter and having a Small flexible region of drug 
delivery tubing connected to a deployable drug delivery 
Structure. Many other designs are possible. 

For most applications, it may be appropriate to position 
the components relative to their implantation Such that the 
drug delivery Systems are filled with either the appropriate 
drug, physiological Saline, or heparinized drug Solution or 
saline at the time of implant. This would mean that the 
catheters would be connected to the pumping Systems and 
Sensing devices prior to implantation, and in the case of 
applications which require tunneling of the devices Such as 
shown in FIG. 1, the connection would occur after a tun 
neling procedure which would occur before implantation of 
either the device or the drug delivery system. For such 
pre-connected Systems, an external Steerable guiding cath 
eter for placement is attractive, as is an externally accessible 
stylet lumen that is not involved in the connection of the 
device to the drug delivery catheter. 

Perhaps more broadening is the use for the drug delivery 
Systems described to deliver agents for the minimization of 
coronary restenosis, initiation of therapeutic angiogenesis, 
or performing gene therapy. Such techniques would involve 
a more Steady State approach for the delivery of therapeutic 
agents independent of the electrical activity of the heart. 
However, the Systems shown here incorporate many details 
which are relevant for the delivery of therapeutic and 
diagnostic agents in general. For example, a slow Steady 
infusion of amiodarone to a depth within the heart, or 
delivery of Such agents on a regular basis, may prove to be 
advantageous and are enabled by the local drug delivery 
Systems described here. 
More than one of these Systems may be implanted So that 

they can effect novel therapies. For example drug delivery to 
both the atrial and Ventricular walls with Separate catheters 
coupled to either the same or Separate Subcutnaeously 
implanted drug delivery pumps and reservoirs could be 

15 

25 

35 

40 

45 

50 

55 

60 

65 

22 
configured Such that the drug ad delivery is controlled Such 
that delivery to each catheter is controlled independently. 
The drug delivery Systems described here can be used 

acutely during beating heart cardiac Surgery to introduce a 
temporary Stop or marked slowing of the heart. Such 
induced bradycardia would provide a quiescent heart for 
very short periods So that delicate Surgical procedures may 
be performed. Procedures as common and important as 
Suturing during bypass Surgery are one example of tech 
niques that would be improved by Such slowing of the heart. 
One example of implementation of this approach would 
involve a infusion of adenosine at a depth within the heart 
tissue adjacent to the AV node or infranodal structures with 
acute versions of the catheters shown in FIGS. 1A to 1F, 
followed after the quiescent period with temporary ventricu 
lar pacing to control haemodynamics. Additional agents 
could be given Systemically to slow ventricular automaticity 
and the delivery of agents to introduce AV nodal blockade or 
infranodal blockade to result in a more marked slowing of 
the heart that could be rapidly reversed with ventricular 
pacing. The use of the catheter Systems and local drug 
delivery schemes described in this disclosure are relevant for 
transient delivery for Such slowing of the heart for improve 
ment of Surgical procedures. 

Conduction between the atria and the ventricles can be 
Stopped or slowed by many techniques. Reversible conduc 
tion block at a site within the heart Such as between the atria 
and Ventricles may be introduced by the infusion of agents 
to slow or Stop conduction into the heart tissue adjacent to 
the AV node or infranodal Structures, the application of 
mechanical or thermal stresses, or the delivery of high rate 
pacing energy or direct current depolarization. For 
Simplicity, this discussion will focus on the infusion of 
agents to introduce atrioventricular block. Many agents have 
potential to induce conduction Slowing and block between 
the atria and Ventricles. Chilled Saline or other physiological 
fluid, antiarrhythmic agents, cardioplegic fluids, ringers 
Solution, and electrolyte Solutions Such as potassium to 
depolarize the cells may be used to introduce slowed con 
duction or to Stop conduction altogether. Drugs that pre 
dominantly prolong refractorineSS, or time before a heart cell 
can be activated, produce conduction block including the 
class IA antiarrhythmic agents (quinidine, procainimide, and 
disopyrimide) or class IC drugs (flecainide and 
propafenone). The class III antiarrhythmic agents (Sotolol or 
amiodorone) prolong refractoriness and delay or block con 
duction. Other antiarrhythmic agents may also be used to 
introduce conduction block, as may the various cardioplegic 
fluids traditionally used for whole heart cardioplegia. 

These agents could be infused to a depth within the heart 
tissue adjacent to the AV node and infranodal Structures with 
many of the infusion catheter Systems described in my prior 
patent Altman, Implantable Device for the Effective Elimi 
nation of Cardiac Arrythmogenic Sites, U.S. Pat. No. 5,551, 
427 (Sep. 3, 1996). Here, an implantable substrate for local 
drug delivery at a depth within the heart is described. The 
patent shows an implantable helically coiled injection needle 
which can be screwed into the heart wall in the ventricles 
and connected to an implanted drug reservoir outside the 
heart. This System allows injection of drugs directly into the 
wall of the heart by merely injection of drugs through the 
skin into the reservoir. The patent also shows a helical coil 
coated with coating which releases drug into the myocar 
dium. This drug delivery may be performed by a number of 
techniques, among them infusion through a fluid pathway, 
and delivery from controlled release matrices at a depth 
within the heart. Pending applications ser. No. 09/057,060 
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by Altman and 08/881,685 by Altman and Altman, describe 
Some additional techniques for delivering local pharmaco 
logical agents to the heart. 

Temporary ventricular pacing will be desirable to control 
hemodynamics. Because the rate of the heart will be sub 
Stantially slowed, and its automaticity may be reduced or 
even eliminated, it is important to have temporary pacing to 
provide electrical Stimuli to allow Ventricular contraction to 
be controlled. Temporary pacing wires are well known to 
those familiar with cardiac electrophysiology and may be 
placed transvenously in the right ventricular apex or epicar 
dially at either Ventricular apex to Stimulate the heart with 
pacing energy. 

The first method of implementing this transient Stopping 
of the heart involves using any of the techniques described 
to create a region of block before a delicate Surgical proce 
dure (Such as a distal coronary anastamosis) is to be 
performed, and controlling the heart by varying the rate at 
which pacing pulses are delivered to the right or left ven 
tricle. The heart rate could then be lowered substantially to 
a rate of around 20 beats per minute, or the heart may be 
stopped for a short period of time on the order of 10-60 
Seconds. The slowed rate of the pacing device could be 
timed Such that a higher rate would resume after a short 
period of time and minimize the risk of hemodynamic 
instability. 

The Second method of implementing this transient Stop 
ping of the heart is Similar to the first, but eliminates the 
cause of atrioventricular block when the slowing of the heart 
is not required. For an infusion System which delivers 
antiarrhythmics to introduce atrioventricular block, the infu 
Sion would be stopped when the slowed conduction, and 
hence the AV block, are not desired. Such an approach 
eliminates the possibility of having a locally infused block 
producing agent from reaching a Systemic concentration that 
would have an effect on the heart tissue. 

FIG. 8 shows a schematic of Such a system. Here the 
patient 1 is shown adjacent to the infusion system 885 which 
controls the infusion of the block producing agent and the 
delivery of pacing energy to the right ventricle 801 to control 
hemodynamics. Infusion system 885 consists of a physician 
interface 810 which controls the activation of pacing unit 
816 and pressure infusion unit 821 with a reservoir of block 
producing agent. Activation of pacing unit 816 delivers 
pacing pulses through temporary Ventricular pacing lead 825 
to the heart wall of the right ventricle 801. Activation of 
infusion unit 821 delivers either a set pressure or a set flow 
rate of block producing agent to the region of the interven 
tricular septum 835 Substantially adjacent to the HIS bundle 
803 through tissue penetrating infusion catheter 830, shown 
here to be fixed high on the interventricular septum 835. In 
other embodiments, a penetrating element could access the 
region substantially adjacent to the HIS bundle through the 
right atrium, or the region of the atrio-ventricular node 804. 
In still other embodiments, the Sino-atrial node 805 may be 
the region targeted for infusion to eliminate initiation of 
cardiac rhythm. 

In FIG. 8, the physician interface 810 includes a Switch 
that turns on the infusion unit 821 and turns on the pacing 
unit 816 to control hemodynamics. When the surgeon wants 
to Stop the heart to perform a procedure, the Surgeon may 
either slow the Ventricular pacing to slow the heart or Stop 
the pacing to Stop the heart. In this System, the ability to Stop 
the heart for a Set period of time is timed out in approxi 
mately 30 to 60 seconds and once timed out prevents 
re-initiation of the System until a Set recovery period has 
passed. The time between induced heart Stoppages may be 
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limited So as not to fall below 60 seconds. Also shown in 
FIG. 8 is a respirator system 850, which includes a respi 
ration controller and is connected through the ventilation 
hose 851 to ventilation mask 852 to provide air to the patient 
during Surgery. The respirator mask could easily be replaced 
with either tracheal intubation or even Single lung bronchial 
intubation, and is used here diagrammatically. The respirator 
system is connected to the infusion system 885 by cable 853, 
and is controlled by the infusion system 885 to cease 
respiration when desired by the operator. The operator may 
turn on and off various algorithms Set on the physician 
interface using a footSwitch if So desired. 
FIG.9Ashows a first embodiment of the use of the system 

shown schematically in FIG. 8. FIG. 9A is a chart of the 
cardiac electrogram 902 adjacent to the output 904 of the 
pacing unit 816 and the output 906 of the infusion system 
885. Electrogram 902 shows an atrial p wave 908, an 
inherent ventricular depolarization referred to as the QRS 
wave 910, a pacing spike 912, and a paced ventricular 
depolarization 914. Pacing device output line 904 shows a 
series of pacing spikes 905 being delivered by the temporary 
Ventricular pacing lead 825. The pacing Spikes appear in the 
cardiac electrogram 902 as Sensed pacing Spikes 912. Infu 
sion system output line 906 shows a stepped increase in 
infusate flow rate Q or pressure P. The heart is paced to keep 
it beating for the entire time course shown in FIG. 9A. Here 
it should be noted that block is introduced after the infusion 
is turned on as shown by infusion system output 906, and the 
right Ventricle must be paced, beginning with pacing Spike 
912, to maintain hemodynamic stability. In this embodiment 
the infusion is maintained into the region Substantially 
adjacent to the AV node and/or HIS bundle to produce 
atrioventricular block for the duration of the Surgical 
procedure, and the heart is controlled by altering the timing 
of the Ventricular pacing. When it is desirous to slow or Stop 
the heart, the pacing is slowed or stopped, at the same time 
that the respirator is turned off to eliminate the heart motion 
and obstruction due to the lungs. The p waves 908 continue 
unabated and indicate that the system described in FIG. 8 
and controlled according to FIG. 9A is set up primarily to 
control the motion associated with the ventricles (because 
the heart-Stopping infusion is injected in the vicinity of the 
HIS bundle), and the paced electrical activity of the atrium 
is not Substantially affected. The pacing may be slowed to 
the range of 10 to 30 beats per minute, and is illustrated in 
FIG. 9a to be about 20 beats per minute, with about three 
Seconds between pacing Spikes. Thus a slow-beating period 
in which the pacing System paces the heart while the 
infusion System Suppresses the natural heartbeat is created 
by the System programmed to operate in accordance with 
FIG. 9A. Circuitry and/or control system algorithms will 
prevent the Surgeon from Slowing or Stopping the heart for 
periods longer than the patient will tolerate without adverse 
effects. Where the control system includes a computer, the 
computer will be programmed to record the Start time and 
duration of each heart Stoppage, and to prevent application 
of heart-stopping infusion for a set time after a previous 
application, or to initiate pacing after a Set period of time 
after application. 
FIG.9B illustrates another use of this system to affect the 

heartbeat of a patient. Here, the infusion System is turned on 
to Stop or slow the heart for a preset time period that is timed 
out (limited in duration by the system). The system will 
allow the operator to Stop the heart from beating only for a 
certain Safe time period, after which the heart-stopping 
infusion is terminated and pacing commences to restore 
hemodynamic stability. (There is a portion of the strip 966 
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which is not shown in order to compress the time period time 
1 within the given space.) In FIG. 9B, the p waves 908 
continue unabated and indicate that the System described in 
FIG. 8 and controlled according to FIG. 9B is set up 
primarily to control the motion associated with the Ventricles 
(because the heart-stopping infusion is injected in the vicin 
ity of the HIS bundle). A non-beating period, during which 
the Ventricles do not contract, is produced when the System 
is operated in accordance with FIG. 9B. In other 
embodiments, block producing agents may be delivered to 
the region substantially adjacent to the Sino-atrial node 805 
to eliminate atrial contractions as well. In Still other methods 
used to Support Specific cardiac Surgeries, block producing 
agents are delivered only to the Sino-atrial node. While 
operating the system in accordance with FIG. 9A, the 
respirator may be controlled by the infusion System, Such 
that when it is desirous to eliminate heart motion, the 
infusion System is turned on at the same time that the 
respirator is turned off. This eliminates the rising and falling 
of the heart caused by the inflation of the lungs adjacent to 
and beneath the heart, and minimizes the obstruction of the 
Surgical field by the expanded lung tissue. 

FIG. 10 shows a schematic of a system in which the 
Systems are introduced epicardially to the Surface of the 
heart. Epicardial devices have benefits to the cardiac Surgeon 
who has access to the Surface of the myocardium. Here the 
patient 1001 is shown adjacent to the infusion system 885 
which controls the infusion of the block producing agent and 
the delivery of pacing energy to the heart to control hemo 
dynamics. The respirator system 850 includes a respiration 
controller and is connected through the ventilation hose 851 
to ventilation mask 852 to provide air to the patient during 
Surgery. The respirator System is connected to the infusion 
system 885 by cable 853, and is controlled by the infusion 
System to cease respiration when desired by the operator. 

In this embodiment, the fluid delivery system is connected 
to the heart epicardially and Secured to the heart by a fixation 
structure 1005, shown here to be a helix, although sutures, 
barbs, adhesives, and even bonding agents could also be 
used. The fluid delivery may be through such a fixation 
Structure to a region within that portion of the myocardium 
with devices similar to those described in pending U.S. 
application Ser. Nos. 08/881,685 and 09/057,060 and in 
issued U.S. Pat. No. 5,551,427 or it may be through a 
separate thin walled tube that is introduced to a depth within 
the heart. The catheters are inserted into the epicardial Space 
preferably with minimally invasive techniques where mini 
mally invasive heart Surgery techniques are to be used to 
perform a coronary bypass Surgery or other cardiac Surgery 
(Such Surgery may be accomplished through endoscopic 
access ports using robotic catheters as Small as two milli 
meters in diameter). Of course, the technique can be used 
during open heart Surgery as well. The infusion System is 
operated in accordance with FIGS. 9a or 9b to control 
movement of the heart during Surgery. 

Either a hollow fixation Structure, or a separate flexible 
thin walled structure could be advanced to a depth within the 
heart muscle. Here, the fluid agents are delivered from 
reservoir and pressure infusion unit 821 through catheter 
1030 and into the heart adjacent to the anterior interven 
tricular artery 1008 Such that agents may be delivered 
adjacent to the HIS bundle. The delivery may be accom 
plished through a penetrating tube which will be more 
readily described in FIG. 11. Temporary pacing to provide 
hemodynamic Stability is provided by epicardial pacing lead 
1025 shown fixed to the apex of the heart with helical 
fixation electrode 1010. Such epicardial pacing electrodes 
are well known in the art, and are commercially available. 
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FIG. 11 shows a partially sectional view of one embodi 

ment of the epicardial fluid delivery means shown in FIG. 
10. By providing a structure 1120 to stabilize the heart while 
flexible delivery tube 1122 is secured to the heart by a helical 
fixation structure 1118, the device enables controlled epi 
cardial delivery of fluid agents to a depth within the heart. 
Shown here is a stabilizing structure 1120 to control 
advancement of a penetrating element to a depth within the 
heart. In the preferred open chest embodiment the Stabilizing 
structure 1120 and its catheter body 1112 is made much like 
a peel away catheter introducer Such that after the centrally 
located penetrating fluid delivery element is placed, the 
Stabilizing Structure can be removed in two parts from either 
side of the outer body of the infusion catheter 1108. The 
penetrating fluid delivery element in the preferred embodi 
ment for epicardial delivery is shown here to be a thin 
flexible tube 1122 supported by a coaxial needle 1124. After 
positioning the fluid delivery tubing 1122 at a depth within 
the tissue, the coaxial needle 1124 is removed. Tubing is 
held in place by the fixation helix 1118 which is sized around 
0.100" to 0.250" in diameter and is comparable to an 
epicardial Screw in pacing lead fixation helix. Fluid agents 
are then delivered through tubing 1102 into resealable 
housing 1104 and through tubing 1122 to a depth within the 
heart tissue. After coaxial needle 1124 is removed by retract 
ing needle handle 1125 from resealable chamber 1104, the 
flexible tubing 1122 will be less likely to damage the 
myocardium as the heart contracts. Tubing 1122 may be 
made of many materials including polyurethane, Silicone, 
nylon, and other polymers. 
The use of this device for delivering fluids in a controlled 

fashion to a depth within the heart involves a number of 
StepS. Support Structure is placed against the heart, and the 
resealable housing 1104 is rotated relative to the Support 
Structure counterclockwise to advance the fixation helix 
1118 by transferring torque through the torque coil 1110 
through the torque transmission sleeve 1114 and to the 
centrally located coil 1116. The coil 1110 is mechanically 
attached to the housing 1104 by a crimp structure 1106 
which is bonded to outer tubing body 1108. All of these 
structures will rotate relative to the stabilizing structure 1120 
and its tubing 1112. The advancement of fixation helix 1118 
is achieved by its rotation relative to the advancement 
structures 1128 shown here to be part of the peel away 
stabilizer 1120 and its tubing 1112. Advancing the helix 1118 
will result in penetration to a depth within the tissue of 
needle 1124, and tubing 1122 to a depth within the heart. 
After penetration, the needle 1124 is removed by extracting 
needle handle 1125 from resealable chamber 1104, possibly 
formed with a silicone Septum, and the peel away catheter 
1104 and stabilizer 1120 are removed. 
The method of inducing heart Stoppage or slow beating is 

intended to provide a quiescent period in the movement of 
heart So that Surgical procedures may be accomplished on a 
Stationary heart, rather than a beating heart. The conduction 
block producing Step and the Slow beating or non-beating 
period are used by the operator to perform various Surgical 
procedures or parts of the procedures, Such as performing a 
distal anastomosis of bypass grafts during cardiac bypass 
Surgery. 

Other modifications and variations can be made to the 
disclosed embodiments without departing from the Subject 
of the invention as defined in the following claims. For 
example, fluid agents could be delivered to one or more 
Specific Sites Substantially adjacent to particular points 
within the hearts conduction System. Regions Such as the AV 
node, Bachman's bundle, the SA node, the HIS bundle, and 
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the lower ventricular Septum have been considered, but 
other regions along the Perkinje network are also possible. 
In some embodiments it also may be desirable to deliver 
agents to create block at both the SA node and the AV node. 

Further, the delivery may be controlled with a variety of 
pumping Sources, and the fluid delivered may be a variety of 
active agents that will Slow conduction. Embodiments of 
this approach which use electrical Stimulation to introduce 
transient block would involve the placement of active fixa 
tion electrode catheters at the Sites currently described for 
infusion, and Such catheters could be made Similar to the 
infusion catheters described. 

Further, the catheters described for drug infusion to a 
depth within the myocardium may include a variety of 
different Sensors. This is particularly relevant for transvas 
cular catheter approaches. Other examples include distally 
located electrically activated piezoelectric crystals to act as 
energy Sources for drug delivery and distally located ultra 
Sound transducer for implantation using ultrasound imaging. 
In addition, in the embodiments where bipolar Sensing 
through the drug delivery Structure is crucial, it is a simple 
task to add another electrode to enable bipolar Sensing. In 
addition Small positioning transducerS Such as those devel 
oped by Biosense, Inc. and those described in U.S. Pat. No. 
5,769,843 could be included in the distal end of the catheter 
system to improve the localization of the distal end of the 
catheter within the myocardium. Although Such transducers 
may be incorporated easily in the design of Such a catheter 
System, another embodiment may involve passing the drug 
delivery catheter Systems described here through a guiding 
catheter with or without Such transducers on their distal end, 
or passing Systems with Such transducers within a larger 
lumen of the drug delivery catheter Systems disclosed here. 

In this last example, where a catheter with a transducer on 
its distal end, is passed within a drug delivery catheter, the 
central transducer catheter could even electrically couple 
with the distal end of the drug infusion catheter such that the 
central catheter may be in electrical and thermal contact with 
the heart tissue. This could be achieved by having a metal 
engagement feature on the distal end of the two catheters, 
Such as a collar that fits within an expandable coil. This may 
have particular advantages in combing the catheter Sensor 
technology of the magnetic coil positioning Systems under 
development by BioSense, Inc. 

In addition, the Specific design described for epicardial 
delivery of fluidic agents during cardiac Surgery may be used 
to deliver other therapeutic agents, molecules, genes, gene 
therapy preparations, Viral vectors, cellular tissue, myocytes, 
angioblasts, collagen materials, micro drug delivery 
Systems, and the like. 

Accordingly, the Scope of the invention should be deter 
mined not by the embodiments illustrated, but by the 
appended claims and their legal equivalents. 
What is claimed is: 
1. A method for controlling the motion of a heart of a 

patient, the heart having a heart wall and a myocardial 
conduction System, Said method comprising the Steps of 

inserting a catheter into the heart, the catheter having a 
distal end; 

attaching the distal end of the catheter to the heart wall 
using a fixation Structure; 

injecting a block producing agent into a site in the 
myocardial conduction System through the catheter to 
produce a transient conduction block locally at the Site 
in the myocardial conduction System to Stop normal 
contraction of the heart; and 

pacing the heart to induce contraction of the heart. 
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2. The method as in claim 1, wherein the block producing 

agent is cooled Saline. 
3. The method as in claim 1, wherein the injecting Step is 

followed by performing a distal anastomosis during cardiac 
bypass Surgery. 

4. The method as in claim 1, wherein the patient is given 
Systemic doses of agents to lower automaticity of cardiac 
myocyte contractions for the duration of the procedure. 

5. The method as in claim 1, further comprising the Step 
of ventillating the patient using a respirator, wherein the 
respirator is turned off at the same time that the pacing is 
slowed or stopped to provide for reduced muscle motion. 

6. The method of claim 1 wherein the site within the heart 
wall is Selected from the following group, the atrio 
Ventricular node, the infranodal Structures, interventricular 
septum, Sino-atrial node, Bachman's bundle, and the HIS 
bundle. 

7. The method of claim 1 wherein the fixation structure is 
a fixation helix. 

8. A system for providing controlled asystole or brady 
cardia of a heart undergoing cardiac Surgery, the heart 
having a heart wall, Said System comprising: 

a first catheter for local infusion of block producing 
agents into a Site within the heart wall, the first catheter 
having a distal end, the distal end capable of being fixed 
to and penetrating within the heart wall; 

a Second catheter for electrical pacing of the heart; and 
a controlling System that enables the combined control of 

the delivery of pacing energy and infusion of the block 
producing agents. 

9. The system as in claim 8, further comprising a 
respirator, wherein the controlling System also controls the 
respirator in conjunction with the delivery of pacing energy. 

10. The method of claim 8, wherein the block producing 
agent is cooled Saline. 

11. A system for controlling the motion of the heart of a 
patient upon demand of an operator, Said System comprising: 

an infusion System comprising a reservoir for holding a 
Supply of a block producing agent and a catheter in 
fluid communication with the reservoir, Said catheter 
having a distal tip capable of being attached to the heart 
and delivering the block producing agent to a depth 
within the heart; 

a pacing System comprising a Source of pacing energy and 
a pacing lead, Said pacing lead having a distal tip 
adapted to contact the heart and deliver pacing Signal to 
the heart; 

a ventilator System adapted to provide air to the patient's 
lungs; 

a controller for controlling the infusion System, pacing 
System, and ventilator System, said controller being 
programmed to inject the block producing agent into 
the heart upon demand by the operator, Said controller 
also being programmed to operate the pacing System to 
provide a slowed beating period in which the pacing 
System paces the heart in the range of 10–30 beats per 
minute upon injection of the block producing agent. 

12. The system of claim 11 wherein: 
the controller is further programmed to operate the pacing 

System to limit the duration of the Slowed beating 
period to a predetermined length. 

13. The system of claim 11 wherein: 
the controller is further programmed to operate the Ven 

tilator to cease ventilation during the slowed beating 
period, and to resume ventilation after the slowed 
beating period. 
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14. The method of claim 11, wherein the block producing 
agent is cooled Saline. 

15. A system for controlling the motion of the heart of a 
patient upon demand of an operator, Said System comprising: 

an infusion System comprising a reservoir for holding a 
block producing agent and a catheter in fluid commu 
nication with the reservoir, Said catheter having a distal 
tip capable of being attached to the heart and delivering 
the block producing agent to a depth within the heart; 

a pacing System comprising a Source of pacing energy and 
a pacing lead, Said pacing lead having a distal tip 
adapted to contact the heart and deliver pacing Signal to 
the heart; 

a ventilator System adapted to provide air to the patient's 
lungs; 

a controller for controlling the infusion System, pacing 
System, and ventilator System, Said controller being 
programmed to inject the block producing agent into 
the heart upon demand by the operator to Stop the heart 
from beating, Said controller also being programmed to 
operate the pacing System to pace the heart after a 
predetermined non-beating period in which the pacing 
System does not pace the heart. 

16. The system of claim 15 wherein: the controller is 
further programmed to operate the ventilator to cease ven 
tilation during the non-beating period, and to resume ven 
tilation after the non-beating period. 

17. The method of claim 15, wherein the block producing 
agent is cooled Saline. 
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18. A method for controlling the motion of a heart of a 

patient, the heart having a heart wall and a myocardial 
conduction System, Said method comprising the Steps of 

providing a catheter; 
injecting cooled Saline into the heart wall through the 

catheter to produce a transient conduction block locally 
at the site in the myocardial conduction System to Stop 
normal contraction of the heart; and 

pacing the heart to cause a contraction of the heart while 
injecting cooled Saline. 

19. A method for controlling the motion of a heart of a 
patient, the heart having a heart wall and a myocardial 
conduction System, Said method comprising the Steps of 

inserting a catheter into the heart, the catheter having a 
distal end; 

attaching the distal end of the catheter to the heart wall 
using a fixation Structure; 

injecting cooled Saline into a site within the heart wall 
through the catheter to produce a transient conduction 
block locally at the Site in the myocardial conduction 
System to Stop normal contraction of the heart; and 

pacing the heart to cause a contraction of the heart. 
20. The method of claim 19 wherein the site within the 

25 heart wall is selected from the following group, the atrio 
Ventricular node, the infranodal Structures, interventricular 
septum, Sino-atrial node, Bachman's bundle, and the HIS 
bundle. 


